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WHAT DO STARS DO BEFORE THEY DIE?
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WHAT DO RED SUPERGIANTS DO IN THE YEAR(S) BEFORE THEY DIE?

Tight constraints on precursor activity in very
nearby events: SNe 2023ixf & 20249gqgi
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CONFINED CIRCUMSTELLAR MATERIAL IS A DIRECT PROBE OF:

1. Late-stage stellar evolution

2. Mass-loss (e.g., binary interaction,
eruptive, steady-state)

3. SN progenitor identity

4. Shock physics/dynamics/breakout
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For typical RSG shock and wind velocities, the final decade of
evolution needs observations of the SN during its first week.
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WHAT DO RED SUPERGIANTS DO IN THE YEAR(S) BEFORE THEY DIE?

Early-time, “flash” spectroscopy of type Il supernovae
indicates enhanced red supergiant mass-loss
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M =107 Mer_l, r~ 10" cm
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M =107 Mer_l, r~ 10" cm
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M =10 Myyr !, r ~ 10" cm
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“FLASH™ SPECTROSCOPY SAMPLE

Absolute Magnitude
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* Enhanced peak UV /bol. luminosities
* Increased rise-times to maximum light

% Increased duration of IIn-like features
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RADIATIVE TRANSFER MODELS

Linking observables to progenitor
mass-loss and CSM structure
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A PHYSICAL PICTURE OF A RED SUPERGIANT BEFORE COLLAPSE

Densest CSM: Extended SBO + rising ionization (» < 10'* cm)

Pretty Dense CSM: Rising ionization + IIn-like signature (» < 7 X 10'* cm)

Extended Wind: Sustained CSM-interaction + SN II profiles (+ > 10> cm)
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* Systematic discovery and automated follow-up of infant SNe (ZTF “BTSBot-nearby”
Rehemtulla+ 2024)

* “Flash” UV spectroscopy using ZTF + HST + Swift (“ZTF Flexible Weekends”)

* Rapid follow-up in the UV (Swift-UVOT Priority 0, ULTRASAT, UVEX) and X-rays (Swift-
XRT, Einstein Probe, AXIS Probe)

— Type lin (+6d)
—— CMFGEN Model (M =10"1 M, yr1)
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HOW CAN WE IMPROVE EARLY-TIME SN SCIENCE WITH SPACE TELESCOPES?




Overview

Optical/UV

SPECTROSCOPIC EVOLUTION
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Overview Optical/UV X-Ray/Radio Environment Conclusions

CALCIUM-RICH X-RAY PHASE SPACE

* No observations at f < 20 days

* SNe 2019ehk & 2021gno are the
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DISCUSSION QUESTIONS:

* What ToO science cases are we are interested in? Timescales? Wavelengths?
* Can/should approved ToO programs collaborate on triggers?
* What telescope synergies can be explore for space telescope ToOs?

* More public data?

* “Once in a decade SN” community triggers?
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TYPE Il SUPERNOVA X-RAY + RADIO EMISSION

—— Broken PL
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EXAMPLE CASE:

M =10 Myyr !, r ~ 10" cm
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1. M=10""° Mer‘l, r~ 10" cm
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1. M=10""° Mer‘l, r~ 10" cm
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LIMITING CASES:

M =107° Mer_l, r~ 10" cm
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1. M=10"° M@yr_l, r~ 10" cm
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1. M=10"°Mgyr !, r ~ 10" cm
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C LIMITING CASES:
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CSM SHOCK BREAKOUT
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Dust destruction:
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FUTURE: PRE-SN / SBO EMISSION

* Rapid follow-up in the UV (Swift-UVOT Priority 0, ULTRASAT, UVEX)
and X-rays (Swift-XRT, Einstein Probe, AXIS Probe)

* Physically motivated precursor and SBO modeling
* Larger datasets from survey telescopes (ZTF+LS4+LSST)

* More pre-explosion imaging of nearby hosts with JWST/HST
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3. M> 10" Mgyr !, r < 10 cm
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